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CHAPTER 1 
 
INTRODUCTION 
 
 
eachate is defined as “any contaminated liquid that is generated from water 
ater is 
.  
nmental regulations and a high potential for soil, 
rface and groundwater pollution, disposal of landfill leachate has become a problem in 
Constructed wetlands, which is considered one of the natural treatment systems, is 
current r 
 
 achieve very high effluent standards (Robinson et. al., 1999).  The many 
functions and values of wetlands are widely recognized, particularly with regard to their 
 
 
 
 
 
L
percolating through a solid waste disposal site, accumulating contaminants and moving 
into subsurface areas.  As these wastes are compacted or chemically react, bound w
released as leachate” (Pankratz, 2001).  In unlined landfills, leachates frequently 
discharge to groundwater or appear as a surface drainage around the base of the landfill
In modern lined landfills, leachates are collected from lined cells and routes to treatment 
units.  Due to recent stringent enviro
su
handling solids waste from municipalities.  Therefore, landfills leachate treatment is 
required as an essential part of solid waste management (El-Gendy, 2003). 
 
 
 
 
1.1 Constructed Wetlands and Landfill 
 
 
ly gaining considerable attention as it has been used successfully in secondary o
tertiary treatment of effluent from aerated lagoons (Mæhlum, 1995).  Reed bed treatment
system have been used successfully to provide polishing of biologically treated leachate 
effluent and
abilities to improve water quality.  It has recently been proven to be one of the cost 
effectiv
hile wetlands treatment is defined as “A wastewater treatment system using the 
aquatic root system of cattails, reeds, and similar plants to treat wastewater applied either 
n most developed countries.  Constructed wetlands 
re man-made system that involves altering the existing terrain to simulate wetlands 
onditions.  They primarily attempt to replicate the treatment that has been observed to 
ccur when polluted water enters the natural wetlands.   
 
These wetlands have been seen to purify water by removing organic compounds 
and ox isms 
on and chemical 
recipitation (Lim et. al., 2001). 
 
 
Most constructed wetlands attempt to imitate the ecosystem's biochemical 
nction as filtration and cleansing agents, followed closely by the hydrological function 
at is centered on flood mitigation. 
The use of constructed wetlands to treat urban surface runoff (Revitt et. al., 2004) 
g toxic 
d 
e means of leachate and wastewater management (Mæhlum, 1995, Gearheart, 
1999, Kadlec, 1999 and El-Gendy, 2003).   
 
 
W
above or below the soil surface” (Pankratz, 2001).   
 
 
The role of wetlands in water resource management is fast gaining ground 
resulting in the construction wetlands i
a
c
o
 
idizing ammonia, reducing nitrates and removing phosphorus.  The mechan
are complex and involve bacterial oxidation, filtration, sedimentati
p
fu
th
 
 
  
and remove nutrients from diverse sources in rural catchments has received much 
attention lately.  Thus, wetlands are essentially the filtering area, the 'kidneys' of the 
catchments, intercepting water flow, trapping sediment and pollutants, removin
substances (pesticides, herbicides, metals) and assimilating nutrients and energy derived 
from the upstream catchments area. 
 
 
 Wetlands have the ability to filter nutrients from inflowing waters which represent 
the base of many food chains that not only start and finish within the wetlands but exten
beyond the wetlands complex itself.  Where there is food there is life, and hence wetland
act as breeding grounds, nurseries and homes to numerous plants, invertebrates, frogs, 
reptiles, fish and waterbirds.  In fact, wetlands are best known as habitats for fish and 
waterbirds. 
s 
Wetlands are becoming increasingly popular as ecotourist destinations.  Their 
iodiversity, open space, aesthetics and the development of public amenities make them 
ttractive propositions for passive recreational activities and social pursuit (Diederik et. 
l., 2004). 
 
 
It is generally accepted that wetlands have the potential to attenuate flooding.  
etlands provide retention storage for storm water by spreading the water over a wide 
at area.  Wetlands vegetation retards surface water flow to varying extents depending on 
e type, density and water depth (Revitt et. al., 2004). 
 
 
Wetlands are a fertile ground for scientific study and research.  In fact, there is 
lso a growing interest in wetlands among school children who are beginning to embark 
n a voyage of discovery of their environment by being introduced to this dynamic 
cosystem.  This may well be the first step in public education of wetlands, which are the 
ollective responsibilities of all users. 
 
 
 
 
b
a
a
W
fl
th
 
a
o
e
c
 
 
 
1.2 Application of Constructed Wetlands in Malaysia 
 
 
Constructed wetlands in the Malaysian context are gaining popularity for 
treatment of stormwater, urban runoffs and agriculture effluents.   
 
 
 
 
 
 
 
 
1.2
 
 
  Centre in Malaysia, 
loca d long 
the Mu dor (MSC).  It consist of government departments, 
com e .  
reen space will occupy 30% of the land area of the city.   
st 
 has 
  An 
 
 
.1 Putrajaya Constructed Wetlands 
Putrajaya is the new Federal Government Administrative
te  south of Kuala Lumpur, north of the new International Airport (KLIA) and a
ltimedia Super Corri
m rcial offices, residential premises and recreational parks as well as water bodies
G
 
 
 In balancing the ecosystem and the future population of Putrajaya, one of the mo
distinctive features is the development of the lake that covers a total of 650 ha and
been created by the construction of a dam at the lower reaches of the River Chuau.
important component of the lake is the creation of 23 constructed wetlands (Fig. 1.1).  
The wetlands act as a natural treatment system that filters most of the pollutants in the 
river water before it enters the lake. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.1 Putrajaya Lake and Wetlands system, Malaysia (Shutes, 2001). 
 
Located in the middle of Putrajaya, the lake provides a landscape feature and 
varied recreational activities for the population as well as creating wildlife habitats.  An 
interpre tion centre describes the design and operation of the lake and wetlands system 
and the
, 
 environment is sustainable; 
• e lake does not become eutrophic; 
• 
ow wetlands and a final settlement pond.  
he raised walls at the inlet, outlet and sides of the wetlands allow water storage 
llowing storm events.  The vegetation types in the wetlands comprise emergent 
op ), rheophytes (floating plants) and freshwater swamp species.  A 
tal of 70 plant species have been selected for the wetlands and their seeds obtained from 
location
s were designed using the multicell, multistage approach, with 
different water levels at each cell as the water flows across the wetlands.  The advantage 
of the design is that it provides good flow distribution, thus maximizing shallow areas 
require
ta
ir role in the developing ecology.  The ultimate goal of the development is a self-
sustaining and balanced lake ecosystem set in the Garden City of Putrajaya. 
 
 
 The water in the lake must be suitable for recreational activities and aesthetically 
attractive to the public.  It is therefore expected that the lake will be free of floating debris
algae, weed, and objectionable odour as well as safe and healthy for humans and 
freshwater fauna.  In achieving this, the general objectives are:  
• the existing
th
the water quality is suitable for body contact recreation; 
• the lake creates a natural and pleasant landscape, enhancing ecotourism and 
attracting wildlife; 
• the lake provides a suitable environment for education and scientific research. 
 
 
 Each of the 23 wetlands cells (total area 130 ha) is separated by a weir.  An initial 
settlement forebay is followed by a surface fl
T
fo
macr hytes (large plants
to
s throughout Malaysia.  The 12 million plants have been grown in a nursery that 
is 5 ha in area. 
 
 
 The wetland
d for the successful growth of macrophytes and facilitates a more cost-effective 
maintenance including the management of weeds and insects.   
 A comprehensive water quality monitoring programme will be introduced 
following the completion of the Putrajaya Lake and Wetlands system in 2000. 
 
 
 
 
1.2.2 tem Using a Constructed Wetlands at Kota 
 
 
This is an example of constructed wetlands treatment system in Malaysia which 
has followed the design of Putrajaya Wetlands.  Kota Kemuning Wetlands was created 
from an existing low-lying water logged area gazetted as reserve land belonging to 
ga B), the Drainage and Irrigation Department (DID) and 
esas Highway.  It is a long narrow strip of wetlands, covering an area of 8.8 ha.  It is 
situated
Septem
solution  
large volume of stormwater from its catchment area.  The wetlands and rooted vegetation 
fun g 
water velocity before it is discharged into Klang River.  The wetlands also functions in 
controlling the occurrence of flash floods du to backflow from the Klang River during 
heavy downpour. 
 
 
A total of 157 thousand local i nds plants belonging to 15 species 
have been introduced to the wetlands.  These include 13 marsh species and 2 ornamental 
species.  The marsh species are important in nutrient removal and in preventing the 
wetlands from eutrophication.  These plants are hardy and can withstand long periods of 
waterlogged and eutrophic conditions.  A total of 31 species of shrub and woodland 
species have been planted at th buffer from human activities 
and to increase aesthetic values to the area.   
 
 
 
Rehabilitation of a drainage Sys
Kemuning 
Tena  Nasional Berhad (TN
K
 near the main entrance of Kota Kemuning Township and Kesas Highway. 
 
 
The creation of the wetlands was started in June 2002 and it is completed in early 
ber 2003.  The main purpose of this man-made wetlands creation is to provide a 
 for drainage problems occurring in this low-lying area.  The wetlands receive a
ction in filtering pollutants, trapping sediment and up take nutrients while dissipatin
e 
ndigenous wetla
e wetlands fringes to create a 
1.3 Scopes of Study 
According to the introduction, the application of constructed wetlands in Malaysia 
is less.  
 
te, which is used in this study, is 
called typha angustifolia.  The model of the sub-surface flow constructed wetlands is set 
up in th
ich 
moniacal nitrogen 
iv. itrate  
 
 
d are 
capable of removing organic matters, nutrients and other pollutants simultaneously (Lin, 
et al., 2 02).  The objecti
1. To investigate the removal of nutrient from landfill leachate by Typha angustifola. 
he 
different concentr nd to 
3. are the tr cted wetlands with 
and without vegetation. 
 
 
 While almost none of the landfill site in Malaysia applied concept of constructed
wetlands for the on-site treatment.  So, it is finely to study about the effectiveness of 
constructed wetlands especially horizontal subsurface constructed wetlands in treating the 
landfill leachate. 
 
 
The experiments on the removal of organic matters and nutrients are carried out in 
the Environmental Laboratory, Faculty of Civil Engineering.  Leachate sample is taken
from Pasir Gudang landfill.  The species of macrophy
e laboratory.  The effluent of the leachate is then tested and analyzed in the 
laboratory to determine the removal of organic matters and nutrients.   Parameters, wh
were considered, are: 
 
i. Biochemical Oxygen Demand ( BOD) 
ii. Chemical oxygen Demand (COD) 
iii. Am
N
 
 
1.4 Objectives of Study 
 
 
Constructed wetlands possess attributes of low-cost and low-maintenance an
0 ves of this study are: 
2. To determine t treatability of horizontal subsurface constructed wetlands with 
ation of influent, hydraulic retention time (HRT), and sa
soil ratio. 
To comp eatability of horizontal subsurface constru
